The optimal condition suitable for using a quadrupole SIMS (Q-SIMS) instrument to measure the Si concentration in GaN layers for both selectively isotopic Si-implanted GaN and epitaxially Si-doped GaN was presented. The detection of 30 Si 14 N -molecular ions under Cs + primary ion bombardment realized the best dynamic range and the lowest detection limit for Q-SIMS analysis of Si in GaN layers. The detection limits of selectively isotopic 30 Si and the total amount of Si naturally occurring isotopes in GaN layers can reach 2  10 14 cm -3 and 8  10 15 cm -3 , respectively. We concluded that a Q-SIMS instrument was applicable for the analysis of the Si depth distribution in GaN layers.
Introduction
Recently, gallium nitride (GaN) -based metal-oxide-semiconductor field-effect transistors (MOSFETs) have begun to be studied and developed for the application to fail-safe high-power switching devices [1] [2] [3] [4] [5] [6] . Donor doping with Si is the most common method for achieving n-type conducting GaN. Since the control of carrier concentration in n-type GaN layers is very important for off-state breakdown voltage and on-state resistance characteristics, the quantitative analysis of Si concentration in n-type ohmic contact and reduced surface field (RESURF) GaN layers by secondary ion mass spectrometry (SIMS) measurements is required [7] . Generally, a magnetic sector SIMS instrument is capable of a lower detection limit and higher mass resolving power, whereas a quadrupole SIMS (Q-SIMS) instrument provides better depth resolution for thin film measurement. When a Q-SIMS instrument is used for Si depth profiling in thin GaN layers, Q-SIMS users have been faced with a serious problem that it is impossible to discriminate the mass interferences of 12 C 16 O and 14 N 2 molecular ions from 28 Si atomic ions [8] , leading to the high background of 28 Si in GaN layers.
Our final goal for this study is to solve the problem about mass interferences and to perform a high-depth resolution analysis for depth profiling of the Si in the GaN layer by a Q-SIMS instrument. In this paper, the measurement conditions suitable for quadrupole SIMS analysis of the Si concentration in GaN layers are systematically studied.
Experimental
The 3.5-m-thick undoped GaN epitaxial layers grown on sapphire substrates by metalorganic vapor phase epitaxy (MOVPE) were used. Three kinds of Si isotopic ion implantation samples were prepared, as shown in Fig. 1(a) Fig. 1(b) Sputter rates were determined by measuring the crater depth with the Talystep profilometer (Taylor Hobson).
In order to investigate the mass interference in detail, the cameca IMF-6f magnetic sector SIMS measurements were also taken in high mass resolution mode with M/M~4000 of mass resolving power.
Results and Discussion

Secondary ion species.
Figure 2 compares two depth profiles for Fig. 3(a) . The energy offset technique is useful in reducing the mass interference from other ions. However, this background level is not quite enough. shown in Fig. 3(b) . The detection limit of 29 Si in GaN can reach 2 10 15 cm -3 at the offset bias of 10 V. No further improvement of the detection limit was observed when the offset bias was applied more than 10 V owing to a loss of the signal intensity of can be reached. For Q-SIMS analysis of 30 Si in GaN, the energy offset technique had no effect on improving the detection limit of 30 30 Si-implanted GaN layers and naturally occurring isotope Si-doped GaN layers by a Q-SIMS instrument. However, our study is not complete yet. Furthermore, additional experiments are required to develop the strong points of a Q-SIMS such as high depth resolution and thin film measurements.
Conclusion
The optimal condition suitable for the Q-SIMS analysis of the Si concentration in both selectively isotopic Si-implanted GaN layers and naturally occurring isotope Si-doped GaN layers was presented. The detection of 30 Si 14 N -molecular ions under Cs + primary ion bombardment realized the best dynamic range and the lowest detection limit for Si concentration in GaN layers by a Q-SIMS measurement. The detection limits of selectively isotopic 30 Si and the total amount of Si naturally occurring isotopes in GaN layers can reach 2  10 14 cm -3 and 8  10 15 cm -3 , respectively. We concluded that a Q-SIMS instrument was applicable for the analysis of the Si depth distribution in GaN layers. 
